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1 
This invention relates to an electro-mechani- 
cal remote c.ontrol system and more particularly 
to a system wherein the control is effected by a 
variation in the pulse rate of a repetitive pulse 
train. 
In a copending app!icationSerial No. 29,528, 
filed May 27, 1948 now U. S. Patent No. 2,583,373, 
issued January 22, 1952, I have shown a remote 
control system using a rotating member ai the 
receiver controlled by a pulse train and a lamp 
at the receiver flashed by another pu!se train, 
with the control exercised in accordance with 
the angular position of an aperture carried ,by 
the rotating member ai the instant of flashing 
of the lamp. 
In the present invention the saine pulse train 
is utilized fo control the movement of the ro- 
tating member and fo flash the lamp. In the 
steady state with the pulses repetitive at a uni- 
form rate there is a one to one relationship 
tween the timing of the flashes and the angu- 
lar position of the rotating member. But the 
steady state condition can be modifled by 
creasing the rime interval between pulses or de- 
cïeasing the rime interval between pulses, and 
then restoring the original steady repetitive 
state. During the transition period between the 
two steady state conditions, there will 0e a tran- 
sient state due to the mechanical inertia, com- 
pliance and other effects, during which the 
gular position of the rotating member at the 
instant of flashing the lamp is a variable. As 
a result there is a ,ballistic tyPe of displacement 
in which the rotating member is on the average 
behind its normal Position at the rime of flash- 
ing of the lamp, provided the repetitive rate is 
advanced in the transition period. Or if the 
repetitive rate is retarded during the transition 
period, the rotating member wfll on the aver- 
age be ahead of ifs normal position af the in- 
stant of fiashing of the lamp. 
The nature of the invention will be better un- 
derstood from the following description, taken 
in connection with the accompanying dravings 
in which certain speciflc embodJments have been 
set forth for purposes of illustration. 
In the drawings: 
Fig. 1 is a schematic block diagram showing a 
control system in accordance with one form of 
my invention, 
Fig. 2OE is a schematic diagram showing a con- 
trol operation in accordance with another form 
of my invention, and 
Fig. 2b is a detail view of the disc used in 
Fig. 
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In Fig. i, the steady state repetitive rate is 
determined by the frequency of a source [O, 
which may be an electronic oscillator or other 
form of alternating current source. The output 
5 is connected to the input of a phase shifter il 
which may ,be of the continuously variable type 
using two primary windings excited in phase 
quadrature from source 10, and a secondary 
winding rotatably and variabIy coupled to the 
10 primary windings, in a well known manner. Or 
the phase shift may be ruade in a step ,by step 
manner. It will be understood that .controls 
cannot be exercised when the phase shifter is 
permanently set at a fixed position, )ut can be 
15 exercised only when the setting of the phase 
shifter is being changed. The output of the 
phase shifter is connected fo the input of a puise 
former 12, which for example may produce a 
puise each rime the wave form impressed upon 
20 if passes through zero. These pulses then will 
be created with a timing interval which is one 
half the reciprocal of the frequency of source 
10. If the phase shifter is ,being moved say to 
the right, to advance the phase, then the fre- 
25 quency of the wave form impressed upon the 
pulse former is momentarily increased, reduc- 
ing the timing interval, but the original timing 
interval wfll be restored when the phase shifter 
is brought to test. O1" if the phase shifter is 
30 being moved to the left, the frequency of ifs out- 
put is being lowered, increasing momentarily the 
interval between pulses. 
The output of the pulse former i operates 
through a modulator i fo drive a pulse radio 
35 transmitter 14 in a well known manner. The 
radiated wave train of pulse modulated radiant 
energy actuates a receiver i, followed by a de- 
modulator $ which delivers the pulse train fo 
a pulse former i. In this pulse former i, some 
40 of the energy is converted fo substantia}ly sine 
wave form and is utflized to drive a synchro- 
nous motor i, whfle other energy is utilized in 
pulse form fo flash a stroboscopic lamp |9. The 
motor drives a rotating merber such as a disc 
45 20, for smplicity shown fo be rotating in the 
plane of the drawing and rotating in the sense 
indicated by the arrow. There is an aperture 
21 in the rotating disc through which light from 
the lamp 19 may pass when if is flashing. This 
50 aperture 2| is shown in the normal position cor- 
responding to the steady state condition when 
the lamp i 9 is flashed after the phase shïfter | | 
bas been at rest for a sufliciently long period of 
rime. 
5 For the steady state condition, the Iamp flashe 
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pass through the aperture, illuminate a photo 
ce]l 22, producing an electric puise output ap- 
plied to integrator 23, which in turn operates a 
work circuit 24 corresponding fo the steady state 
condition with the phase shifter ! ! at test. 
If now the phase shifter I! is caused to ad- 
varice, by a clockwise rotation therefore speed- 
ing up the rate of arrival of pulses, then the ]amp 
9 will follow the pulses immediate]y, but due fo 
the inertia.of the mechanical system, the rotat- 
ing member will tend to continue at its saine 
rate, opposed by the change of torque causedby 
the difference between the speed of the motor in 
revolutions per second and the ,instantaneous fre- 
quency of the wave form which drives the mot0r. 
The inertia effect ai flrst is predominant so that 
when the interval between flashes of the lamp 
corresponds to less than a complete ]:evolution, it 
flashes just belote the aperture has reached the 
steady state location. Or if the phase shifter is 
caused to be retarded by a counterclockwise ro- 
.tation, the .time interval between-pulses will be 
 increased, causing the lamp 19 fo be flashed just 
af.ter the .aperture-2 has gone by ifs normal 
steady state position. That is, there will be a 
ba]listic type Of displacement between the posi- 
tion of the aperture 2! and the normal position 
for the steady state condition in a positive sense 
if the puise.rate is being increased, and in a neg- 
ative sense if the puise rate is being decreased. It 
will be understood that the phase changes are 
hot to be appliedof such a great amount or at 
such a great rate that the motor will fall out of 
.synchronization with the impulses. Both speed 
.of chane of phase and amount of chane of 
phase increase the peak amount of the ballistic 
throw. 
Additional ce]ls 25, 2, , 4 with integrator 
amplifiers 2G, 29, 2, $5 and work circuits 2, 9, 
2, G are provided so that othm" cells than  
wfll be actuated during the transient response. 
Thus for abrupt phase advances, cel]s  or 2 
cn be energized momentarily; for abrupt phase 
lags, cells  | or  may be energized momentarily. 
The work circuit 2 may correspond for example 
to .holdin a rudder ai a neutral position, cir- 
cuits 2 and .3 may operate fo throw a rudder 
to the right, and work circuits 3 and  to throw 
the rudder fo the left. The total effects of oper- 
ation of the work circuits may be ruade additive. 
Thus a ballistic throw sufiïcient fo energize cell 
2 will a]so energize cell  twice during the 
transient change and the additive effects upon 
the throw of the rudder may be ruade to be 
greater than the effect of a ballistic throw which 
enerizes only cell 2. The work circuits may 
a!so be uti!ized for other remote control pur- 
poses such as the control of an unattended radio 
relay station. If will be understood that other 
forms of the present invention may be readfly 
practiced. Thus, 'in place of a phase shifter, I 
may use an electronic oscil]ator, with a plurality 
of push buttons to increase the frequency of the 
oscfllator fo simulate 'a phase advance or to de- 
cïease the frequency to simulate a phase lag. 
Similar effects can be produced by using a single 
frequency with phase control, or by using a vari- 
able frequency, 
Ai the receiver, for ballistic purposes a different 
relation between the rotating disc and the flash- 
ing lamp may be desirable. Thus in Fig. «, the 
pulse former | of Fig. 1 as before may drive a 
ynchronous motor 8, which in turn drives a 
disc 2, and the pulse former | also may drive 
two lamp sources 49 and 4! each registering with 

4 
an aperture which controls the amount of light 
passed through the disc 2. The nature of the 
aperture 3 for lamp 4 and aperture 4 for 
lamp 4| is more clearly shown in Fig. 2b, where 
5 they are shown tobe tapered openings by which 
the amount of light passing therethrough dur- 
ing a flash is the saine for both lamps if the flash 
occurs when the relative position of the aperttu'es 
and lamps is as depicted. T1]e disc is shown to 
10 be rotating in the plane of the drawing, and in 
the sense indicated by the arrow. If the position 
of the disc were relatively advanced at the rime 
of the flashing of the lamps, the lamp 4 would 
transmit more light through ifs aperture than 
15 lamp |. Conversely if the disc were relatively 
retarded with-respect fo the flashing of the lamps, 
then lamp 4 would transmit less light through 
it aPerture than lamp 4 . 
leturning now to Fig. 2«, the light beams pass- 
20 ing through the two apertures 4 and 4 due to 
the simultaneous flashings of the two lamps 
and 4| are caused to fall upoloE two photo cells 
and 6, one side Of each of which is conneted 
to one end of a polarizing battery , the other 
25 end of which is connected fo ground. The other 
side of cell 4S is connected to ground through 
coupling resistor 48, and also through capacitor 
9 to oneinput trminal of a pulse integrator and 
amplifier 9, the other terminal oÏ which is con- 
30 nected to ground. Similarly the other side of 
cell 48 is connected fo ground throuh coupling 
resistor 5|, and also through capacitor 52 to one 
input terminal of pulse integrator and amplifier 
3, the other input terminal of which is connected 
35 to greund. These amplifiers rnay be of identical 
construction, and may deliver alternating current 
outputs ai the rate of flashing of the lamps, and 
of strengths proportional to the amount of light 
that is transmitted from the lamps to the cells 
,t0 through the apertures. Thus while the outputs 
will be equalWhen the lamps flash at the position 
of the disc shown, the output of amplifier 5] wfll 
be greater or less than that of amplifier 53 in 
accordance with the apparent advance or retarda- 
45 tion of the disc 42 af the instant of flashing. 
The output of amplifier 58 is connected to the 
primary of a transformer 54, one end of the 
secondary of which is connected to ground and 
the other fo the anode of a lectifier 5.5. The out- 
0 put of amplifier 53 is connected to the primary 
of a transformer 56, one end of the secondary of 
which is connected to .ground and the other to 
the cathode Of a rectifier . The cathode of 
rectifier 55 isconnected fo .ground through re- 
5 sistor58 shunted.by capacitor 59, while the anode 
of rectifier 5 is connected to ground through re- 
sistor 6 shunted by capacitor . ïhe cathode 
of rectifier 55 is connected throuh resistor 
and the anode of .rectifier 5 is connected through 
60 resistor 63 fo the g.rid of an amplifier tube G4, 
which grid ïs connected to ground through ca- 
pacitor 65. This network involving elements 54 
to 65 constitutes a well known rectifier system 
producing a D. C. potential on the grid of tube 
5 64 which is zero When the input energies are 
equal, but is positive or negative if the input from 
transformer 54 is greater or less than that from 
transformer 55. The cathode of amplifier 
connected to the positive end of battery GG, the 
ï0 negative end of which is grounded. The anode 
of tube 65 is connected through the solenoid 
winding 6 to the positive end of a battery , the 
neative end of which is connected to the cathode 
of tube 64, The solenoid winding 5 cooperates 
75 with a plunger 9, to which is attached a spring 
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70, and a push rod 7! which operates a mechan- 
ical work circuit 72. The position of the plunger 
and the force applied fo the work circuit wfll 
depend upon the D. C. current in the solenoid 
winding, and the output force will be determined 
by the relative arnounts of light falling upon the 
cells 45 and 45. 
In the operation, if the rime interval between 
the pulses of the train is rnornentarily decreased, 
during an advance of the phase shifter |l of 
Fig. 1, the lamps 40. and 4| will flash before the 
disc has reached ifs steady state position causing 
successive pulses on cell 45 fo be weaker than on 
cell 46, and causing the rectifier system fo 
crease the potential on the grid of tube 4. As 
a result during the transient interval of reestab- 
lishing synchronism, the grid of 64 will be pre- 
dominantly negative, producing a negative ballis- 
tic puise of plate current and decreasing the force 
applied fo work circuit 72. On the other hand, if 
the tirne interval between the pulses is being 
rnornentarily increased, the opposite effect will be 
produced, and a positive ballistic pulse of plate 
current wfll increase ternporarily the force 
plied t the work circuit 72. The relation between 
the force on the work circuit and the instantane- 
ous rime interval between pulses at the trans- 
rnitter is deterrninable fo a certain degree by the 
constants of the systern, but in general the aver- 
age force on the work circuit can be decreased or 
increased in accordance with the sense of the 
changes of tirning of the transrnitted pulses in 
passing from one steady state condition to 
other. 
This system is suitable for various selection 
and control systems such as the control of the 
various elernents of a radio relay station, a te]e- 
typing systern, receiver tuning or selection, con- 
trol of rnoving objects or in general any systern 
requiring selection and actuation of a large hum- 
ber of work circuits. 
Although only a few of the various forrns in 
which this invention rnay be embodied have been 
shown herein, it is fo be understood that the in- 
vention is not limited fo any speciflc construction 
but might be ernbodied in various forrns without 
departing frorn the spirit of the invention or the 
scope of the appended clairns. 
What is claimed is: 
1. A control system cornprising a transrnitter 
having a source of constant frequency alternat- 
ing voltage, a pulse former having means respon- 
sive fo said alternating voltage fo produce a short 
pulse ata predetermined point in each hall cycle 
thereof whereby a train of pulses is produced 
with a rime interval between successive pulses of 
fhe train determined by the frequency of said 
source, and means interposed between said source 
and said pulse former for shifting the phase re- 
lationship of said alternating current supplied 

fo said pulse forrner for thereby ,changing the 
rime interval between pulses during the phase 
shifting period and returning again fo the origi- 
nal tirne interval after said phase changing 
5 period and a receiver including rneans fo receive 
and reproduce said pulses, a photolamp con- 
nected to be energized by the received pulses, 
photosensitive means positioned tobe responsive 
fo the flashes of said photo larnp, a rotating 
10 rnernber interposed between said photo larnp and 
said photosensitive rneans and having an aper- 
ture through which rays frorn said larnp pass to 
said photosensitive means, and a motor driving 
said rotating member in synchronism with the 
15 tirning of the re,ceived pulses, said rnotor and 
rotating rnember having mechanical inertia such 
that with a changing pulse rate the response of 
the rotating member lags the response of said 
larnp. 
20 2. A system according to claim 1 in wh}ch a 
plurality of photosensitive means are posïtioned 
fo be selectively energized in accordance with the 
angular position of said rotating member ai the 
instant of flashing. 
25 3. A system according fo claire 1 in which a 
pair of photosensitive devi.ces are disposed fo be 
simultaneously energized by said lamp by equal 
or unequal arnounts depending upon the angular 
position of the rotating mernber at the instant 
0 of flashing, and a work circuit is connected fo be 
energized by an arnount and in a sense depend- 
ent upon the unbalance in energization of said 
devices. 
4. A systern according to claire 3 in whic:q said 
35 work .circuit includes a rnechanically driven ener- 
gizing rneans. 
5. A system according fo claire 4 in which said 
mechanically driven rneans is solenoid actuated 
and the solenoid is connected fo be responsive to 
40 the vqbalance in energization of said devices. 
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